Human Vaccines & Immunotherapeutics 9:2, 314-321; February 2013; © 2013 Landes Bioscience

Detection of systemic and mucosal HPV-specific
IgG and IgA antibodies in adolescent girls one
and two years after HPV vaccination

Mirte Scherpenisse,>* Madelief Mollers,>* Rutger M. Schepp,' Chris J.L.M. Meijer,? Hester E. de Melker,® Guy A.M. Berbers'
and Fiona R.M. van der Klis'

'Laboratory for Infectious Diseases and Screening; National Institute of Public Health and the Environment; Bilthoven, the Netherlands; 2Department of Pathology; VU

University Medical Centre; Amsterdam, the Netherlands *Department of Epidemiology and Surveillance; National Institute of Public Health and the Environment;
Bilthoven, the Netherlands;

Keywords: HPV, cervical secretion, antibody concentrations, multiplex-immunoassay, transudation, exudation, HPV vaccination,
IgG, IgA

Abbreviations: CIN, cervical intraepithelial neoplasia; CVS, cervical secretion samples; GMCs, geometric mean concentrations;
HAVANA, HPV amongst vaccinated and non-vaccinated adolescents; 95% CI, 95% confidence interval; LU/ml, Luminex units/

milliliter; Tt, tetanus toxoid; Dt, diphtheria toxoid; M, month (s); r, spearman rank correlation coefficient

The bivalent HPV16/18 vaccine induces high antibody concentrations in serum while data about antibody responses in
the cervix are limited. In this study, we investigated pre- and post-vaccination antibody responses against seven high-risk
HPV types by detection of IgG and IgA HPV-specific antibodies in cervical secretion samples (CVS) and serum. From an
HPV vaccine monitoring study CVS and serum samples were available (pre-vaccination (n = 297), one year (n = 211) and
two years (n = 141) post-dose-one vaccination) from girls aged 14-16 y. The girls were vaccinated with the bivalent HPV
vaccine at months 0, 1 and 6. CVS was self-sampled using a tampon. Samples were tested for HPV-specific antibodies
(HPV16/18/31/33/45/52/58) by a VLP-based multiplex immunoassay. Post-vaccination, IgG and IgA antibody levels for
HPV16/18 were detectable in CVS and amounted to 2% and 1% of the IgG and IgA antibody levels observed in serum,
respectively. The antibody levels remained constant between one and two years after vaccination. The correlation
between CVS and serum was similar for IgG and IgA vaccine-derived antibody levels for HPV16 (r_= 0.58, r_ = 0.54) and
HPV18 (r,=0.50, r_= 0.55). Vaccine-derived IgG antibody levels against cross-reactive HPV types in CVS and in serum were
highest for HPV45. No IgA cross-reactive antibody responses could be detected in CVS. Post-vaccination, HPV16/18 IgG
and IgA antibodies are not only detectable in serum but also in CVS. The correlation of HPV16/18 IgG antibody levels
between serum and CVS suggests that vaccine induced HPV antibodies transudate and/or exudate from the systemic

circulation to the cervical mucosa to provide protection against HPV infections.

Introduction

The HPVs that cause ano-genital cancers are sexually transmitted
and can infect the basal cells of the cervical epithelium. Therefore,
HPV vaccines need to induce protective antibody levels at the cer-
vix where HPV-specific antibodies can prevent infection of kera-
tinocytes.? Prophylactic vaccination with the two available HPV
vaccines, a bivalent and a quadrivalent protects against infections
with the most common high-risk HPV types detected in HPV
associated cancers, HPV16 and 18. Both vaccines have proven
to be very efficacious in the prevention of cervical intraepithelial
neoplasia (CIN) in HPV naive women.>* Also protection against
CIN2+ of cross-reactive HPV types has been observed and for
the bivalent vaccine this amounted to 84%), 59% and 50% for
HPV31, 33 and 45 up to 4 y after vaccination, respectively.
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Antibody levels were found to be 10-100 times higher in vacci-
nated individuals as compared with naturally infected individu-
als,” while the mechanism by which vaccine-induced antibodies
contribute to antibody levels at the cervix is not yet completely
understood. Vaccine-induced antibodies localized in the genital
tract might be derived from the systemic circulation by transuda-
tion or exudation of antibodies across the cervical epithelium to
the mucus as a result of micro-lesions of the cervical epithelium
that can easily occur e.g., during sexual intercourse.®?

In the Netherlands, the bivalent HPV vaccine was included
in the national immunization program in 2010 for girls 12 y of
age. A catch-up vaccination campaign was performed for gitls
13-16 y of age.”?

Here, we present data of IgG and IgA HPV-specific antibody
levels pre- and up to two years post-vaccination in self-sampled
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study.

Total number of combined CVS and serum
samples available of girls in the HAVANA

MO n=737, M12 n=451, M24 n=461

Combined samples with CVS containing
<25 erythrocytes/pl.

MO n=447, M12 n=297, M24 n=197

Combined samples with CVS containing
>25 erythrocytes/ul were excluded from the
analyses.

MO n=290, M12 n=154, M24 n=264

Pre and post-vaccination combined CVS
and serum samples of not completely
vaccinated girls were excluded from the
analyses.

MO n=28, M12 n=13, M24 n=8

RESEARCH PAPER

0, M1 and M6. At baseline (M0) 297 out
of 737 girls provided both a cervical secre-
tion sample (CVS) containing a blood trace
of < 25 erythrocytes/pl and serum sample
(Fig. 1). One year (M12) and 2 y after the
first vaccination (M24) 211/451 and 141/461
of these combined samples were available,
respectively. For the non-vaccinated girls at
MO (n = 122), M12 (n = 73) and at M24 (n
= 48) the combination of a CVS contain-
ing a blood trace of < 25 erythrocytes/pl
and serum sample was available. The use of

Pre-vaccination combined CVS and serum

samples of girls vaccinated in a 2+1 HPV

vaccination schedule were included in the
analyses.

MO n=297

Post-vaccination combined CVS and serum
samples of girls vaccinated in a 2+1 HPV
vaccination schedule were included in the

analyses.

M12 n=211, M24 n=141

Non-vaccinated girls were included for the
seroprevalence analyses

MO n=122, M12 n=73, M24 n=48

oral contraceptives (OC) in vaccinated girls
increased from 29% (87/297) at MO up to
53% (111/211) at M12.

Evaluation of the measurement of
HPV-specific antibodies in CVS collected
with tampons. The tampon self-collection
method was evaluated by measuring the
recovery of HPV16 IgG and IgA antibody
levels in CVS before and after tampon
extractions. CVS (n = 25) were pooled
and spiked with a sample of HPV16 IgG

and IgA with antibody concentrations

varying from low to high antibody levels.
Importantly, the concentrations of HPV16

Figure 1. Flow diagram of available cervical secretion samples (CVS) and serum samples.
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Figure 2. The effect of blood contamination on HPV16 (dark gray line)
and HPV18 (light gray line) geometric mean concentrations (GMC) in
cervical secretion samples (CVS).

cervical secretion and serum samples for HPV types 16, 18,
31, 33, 45, 52 and 58 of adolescent gitls eligible for catch-up

vaccination.
Results
Study characteristics. The mean age of the participating girls at the

beginning of the study was 15.1 y. Gitls were vaccinated with the
bivalent HPV vaccine in a 2+1 vaccination schedule at months (M)
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the tampon extractions were similar

although not all the CVS volume can be
centrifuged from the tampon. This spiking experiment indicates
that there is no effect of the tampon on the HPV-specific anti-
body concentration in CVS.

As high antibody levels are present in serum even small blood
traces could account for a considerable contribution to the anti-
body levels in CVS. We found that HPV16 and 18 antibody
concentrations in CVS with a blood trace of < 25 erythrocytes/
wl were comparable to antibody concentrations in CVS with no
blood trace (Fig. 2). However, in CVS with blood traces = 25
erythrocytes/pl we observed an increasing linear trend in HPV16
(p =0.02) and HPV18 (p = 0.03) antibody concentrations.

The effect of OC use on vaccine-derived HPV16 and 18 anti-
body levels one year after the first HPV vaccination were not sig-
nificantly different between OC users and non-OC users (data
not shown).

IgG and IgA antibody concentrations for HPV16 and
18 and phylogenetically related HPV types in serum. Pre-
vaccination, only 10/297 (3.4%, 95% CI 1.7-5.9%) and 9/297
(3.0%, 95% CI 1.5-5.5%) girls showed IgG antibody con-
centrations in their serum above the cut-off values for HPV16
and HPV18, respectively. HPV16 and HPV18 geometric mean
concentrations (GMCs) (0.5 and 0.6 LU/ml, respectively) were
far below cut-off values. Post-vaccination (6 mo after the last
vaccine dose), all girls seroconverted. HPV16 and 18 antibody
concentrations significantly increased as compared with pre-vac-
cination and GMCs amounted to 3162 LU/ml (95% CI, 2712—
3686 LU/ml) and 1611 LU/ml (95% CI, 1357-1913 LU/ml),
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Figure 3. Antibody responses for HPV16, HPV18 and phylogenetically related HPV types 31, 33, 45, 52 and 58 in serum for IgG (A) and IgA (B) pre-vaccina-
tion (MO, light gray dots), one year after the first vaccination (M12, dark gray dots) and two years after the first vaccination (M24, black dots). ***p < 0.0001.

respectively (Fig. 3A). These HPV antibody concentrations
remained constant in the subsequent year, thus 6-18 mo after the
last vaccination. A similar result (no decrease) was found when
the analysis was restricted to girls who provided samples at both
6 and 18 mo (n = 69 pairs) after the last vaccine dose.

Post-vaccination cross-reactive IgG antibody responses
were highest for HPV45 and from all girls tested, 89% (95%
CI 84-93%) showed antibody concentrations above the cut-
off values for HPV45. For HPV31, 33, 52 and 58 this resulted
in 66% (95% CI 59-72%), 55% (95% CI 48-61%), 62%
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Figure 4. IgG antibody responses for HPV16, HPV18 and for phylogenetically related HPV types 31, 33, 45, 52 and 58, pre-vaccination (MO, light gray
dots), one year after the first vaccination (M12, dark gray dots), and two years after the first vaccination (M24, black dots) in cervical secretion.

(95% CI 55-68%) and 43% (95% CI 37-50%) seropositiv-
ity, respectively. Cross-reactive HPV antibody concentrations
remained constant in the subsequent year.

Pre-vaccination, HPV16 and HPV18 IgA GMCs amounted
to 0.8 and 0.1 RIVM U/ml, respectively. After vaccination,
HPV16 and HPV18 IgA antibody responses in serum at M12
rose to 112 RIVM U/ml (95% CI 93-136 RIVM U/ml) and 43
RIVM U/ml (95% CI 35-54 RIVM U/ml), respectively, and
similar antibody levels were found at M24 (Fig. 3B). The cross-
reactive IgA antibody levels for the other 5 HPV types increased
after vaccination which was most pronounced for HPV31 but for
the other cross-reactive HPV types this increase was quite low.

IgG and IgA antibody concentrations for HPV16 and
HPV18 and phylogenetically related HPV types in cervical
secretion. Before vaccination in CVS, HPV16 and 18 GMCs
were near detection limits (0.1 LU/ml) and significantly increased
after vaccination. IgG antibody concentrations detected in CVS
amounted to approximately 2% of the IgG serum antibody con-
centrations both for HPV16 (GMC 51 LU/ml, 95% CI 41-64
LU/ml) and 18 (GMC 25 LU/ml, 95% CI 20-31 LU/ml)
(Fig. 4). At M12 88% (95% CI 83-92%) and 70% (95% CI
63-76%) of the girls had IgG antibody concentrations in CVS
above cut-off values for HPV16 and HPV18, respectively. These
levels remained constant up to M24.

The 5 cross-reactive HPV types also showed a significant
increase in IgG antibody concentrations at M12 compared with
MO, however, few girls had antibody levels above cut-off values
varying from 0-3% for HPV58 to HPV45. Similar to serum
antibody levels, highest cross-reactive antibody levels in CVS
were also found for HPV45. Cross-reactive HPV antibody con-
centrations in CVS remained constant up to M24.

www.landesbioscience.com

The IgA antibody concentrations for HPV16 and 18 in CVS
amounted to approximately 1% of serum IgA antibody levels.
For the other 5 HPV types no IgA responses could be detected.

Seropositivity in non-vaccinees. Non-vaccinated girls were
tested for HPV antibody seropositivity at MO (n = 122), M12
(n = 73) and M24 (n = 48) (Fig. 1). In non-vaccinated girls, a
higher HPV16 IgG seroprevalence was found at M12 (5/73 girls,
6.8%, 95% CI 2.6-14.5%) and M24 (6/48 girls, 12.5%, 95% CI
5.2-24.2%) compared with MO (2/122 gitls, 1.6%, 95% CI 0.3~
5.3%). At M12, GMCs of HPV seropositive girls were approxi-
mately 150 times and 40 times lower as compared with vaccine
induced antibody concentrations for HPV16 and 18, respectively.
For HPV45 and 33 similar seroprevalences were found as com-
pared with HPV16. For the other 4 HPV types a small rise in
seroprevalence was observed at M24: 2/48 girls for HPV18 and
HPV31 as compared with M0 (0/122) and 1/48 girls for HPV52
and HPV58 as compared with M0 (1/122). In CVS, IgG anti-
bodies above cut-off values were only detectable for HPV16 and
18 at M12 (HPV16/18 both in 1/73 girls) and at M24 (HPV16
2/48 girls, HPV18 1/48 girls). IgA antibodies in CVS and serum
samples were very low and near the detection limit.

Correlations between serum and cervical secretion IgG and
IgA antibody levels. One year after vaccination we found similar
correlations between the IgG antibody concentrations in serum
and CVS for both HPV16 (r = 0.58) and HPV18 (r = 0.50) (Fig.
5A and B, respectively). Although IgA antibody levels in CVS
were low also similar correlations between serum and CVS IgA
levels were found for HPV16 (r, = 0.54) and HPVIS8 (r_ = 0.55)
(Fig. 5C and D, respectively).

Despite the lower levels in CVS, we observed after vaccination
at M12 a high correlation between the HPV16 and HPV18 IgG
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Figure 5. Spearman rank correlations (r) between HPV16 and 18 IgG (A and B) and IgA antibody levels (C and D) in serum and cervical secretion
samples (CVS) one year after the first vaccination (M12). X and Y-axis are in logarithmic scale.

antibody levels in serum (r_ = 0.83) and CVS (r_= 0.88) (Fig. 6A
and B, respectively). Comparable correlations were found at
M24. Normalizing the antibody concentrations in CVS and in
serum to the amount of total IgG, we did not observe any altera-
tions in the correlations for both HPV16 and HPV18.

IgG antibodies against tetanus and diphtheria toxoid in
cervical secretion and serum. We determined the presence of
vaccine induced IgG antibody levels against tetanus (Tt) and
diphtheria toxoid (Dt) in serum and CVS. The cervical mucosa
is not a site of local production of antibodies for these patho-
gens and therefore the detection of Dt and Tt specific antibod-
ies in CVS can be used as a transudation or exudation marker.
Interestingly, we found a high correlation between IgG antibody
concentrations in serum and in CVS for Tt (r, = 0.73, n = 35) and
Dt toxoid (r, = 0.78, n = 35) in samples of girls at M12 (data not
shown).

Discussion

In this study, we could establish the presence of HPV-specific IgG
and IgA antibodies in CVS but the levels were much lower than
in serum. Constant HPV16/18 IgG antibody levels in serum and
CVS were found up to two years post-vaccination.

HPV16/18 IgG and IgA levels in CVS amounted to
approximately 2% and 1% of the IgG and IgA levels in serum,
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respectively. We found a correlation between the HPV16 and 18
antibody levels in serum and CVS up to two years after the first
vaccination indicating that probably transudation and/or exuda-
tion of antibodies from the systemic circulation to the cervical
mucosa takes place.

In this study, CVS was self-sampled with a tampon while in
other studies CVS is mostly collected with sponges,®>!" which
have to be placed in the cervix by a physician. This might be
unpleasant, and is not suitable for large-scale studies. The girls
found the tampon as collection method easy in use and comfort-
able. This collection method might contribute to better partici-
pation rates in large-scale studies. In addition, the determination
of HPV-specific antibodies in CVS was also easy after extraction
of the sample and the tampon collection method had no effect on
the antibody concentrations.

The menstrual cycle has been reported to have effect on anti-
body levels in the genital tract.”? Around ovulation Ig antibody
levels might decrease because of a protective mechanism that
reduces the level of anti-sperm antibodies in the female genital
tract at the time of ovulation.”” Kemp et al. found differences
between IgG levels in serum and CVS during the menstrual cycle
based on a small number of observations.® Therefore, informa-
tion was collected on the last menstruation from the participants.
We relied on self-reported data that might be less accurate than
detection of sex hormones during the menstrual cycle.’® We did
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Figure 6. Spearman rank correlations (r ) between IgG antibody levels
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(B) one year after the first vaccination (M12). X and Y-axis are in logarith-
mic scale.

not find an effect between non-OC and OC users even when we
normalized to the total amount of IgG.

The increase in HPV IgG seroprevalence in non-vaccinated
individuals is similar to the step-up in HPV16 seroprevalence as
observed in a large Dutch sero-epidemiological study in young
adolescent girls." IgG antibodies in CVS were very low and near
detection limits indicating that antibody measurements in CVS
in a non-vaccinated population might not be suitable for the
detection of naturally derived HPV-specific antibodies.

To prevent HPV from entering the keratinocytes in the cer-
vix, prophylactic HPV vaccination should induce a first line of
defense by eliciting sufficient amounts of antibodies.”” We found
detectable antibody levels in CVS among vaccinated girls but
these levels were approximately 60-fold lower than serum lev-
els. Antibody levels in CVS remained constant for at least two
years post-vaccination. In 10% and 30% of the girls, we were
not able to detect HPV16 and 18 antibody levels in CVS, respec-
tively, although HPV16 and 18 antibody levels in serum were
high. These findings were comparable with other studies"®*'¢
although in most studies less stringent exclusion criteria were
handled for blood contamination in CVS as compared with our
study. Despite a high vaccine efficacy against precancerous cer-
vical lesions associated with HPV16/18 or cross-reactive HPV

www.landesbioscience.com

types,>®" girls without detectable antibodies in CVS might be
the first at risk for HPV infections. However, a recent study
showed that in mice also low vaccine-derived antibody concen-
trations can neutralize the virus and inhibit the binding of the
virus to the basal cells of the cervical epithelium at another stage
of infection."®"” Although we showed that after HPV16/18 vac-
cination cross-reactive antibodies against HPV52 and 58 were
detectable in both serum and CVS, the biological relevance of
these antibodies is probably limited, as vaccine monitoring stud-
ies did not observe any cross-protection.®

Moreover, at present the lowest level at which HPV16 and 18
antibodies exert their protective effect against an HPV infection
is unknown.

Although in most mucosal tissues IgA-producing cells are pre-
dominant, the endocervical mucosa contains a higher proportion
of plasma-derived or locally produced IgG antibodies, which are
detectable in cervico-vaginal secretions.’*?%?? The higher IgG
proportions in cervico-vaginal secretions might also depend on
the location of sampling and different sampling techniques.?!
However, after natural infection it is shown that HPV specific
IgA antibodies are detectable at the cervix, mainly in persistent
HPV infections.”?¢ Data about IgA antibody responses after
vaccination are limited. Although IgA levels were much lower as
compared with IgG levels, we detected HPV16 and 18 specific
IgA responses with high correlations between serum and CVS.
Whether these vaccine-derived HPV16 and 18 IgA antibody lev-
els in the systemic circulation play a role in HPV neutralization
is unknown. However, Bontkes et al. already observed that after
HPV infections systemic IgA responses in women with abnor-
mal cytology were actually more associated with HPV clearance
than locally produced IgA at the cervical mucosa. The systemic
IgA responses might be an indication of a successful cellular
immune response induced at the local lymph nodes, mediated by
cytokines.”’

The correlations of HPV16 and 18 IgG and IgA antibody lev-
els between serum and CVS might denote that vaccine derived
antibodies transudate from the systemic circulation to the cer-
vical mucosa.”® As antibody levels in CVS remained constant
for at least 2 y post-vaccination, these levels might contribute to
a protective environment at the cervix. This hypothesis is sup-
ported by the high correlations between antibody levels specific
for diphtheria and tetanus toxoid in serum and CVS because
these vaccine-induced antibodies are not produced at the cervical
matrix. In CVS, increasing HPV antibody concentrations were
found when more erythrocytes were detected. This indicates that
exudated blood probably originating from small lesions in the
cervix also can contribute to the presence of HPV specific anti-
bodies at the cervix. Protection at the cervix is not necessarily
only based on antibodies that transudate or exudate from the
systemic circulation to the mucosa. It can also be facilitated by
other immune mechanisms e.g., local production of antibodies
in which IgG and IgA are produced primarily in mucosal associ-
ated lymphoid tissues and are actively transported into mucosal
secretions.?

In conclusion, after vaccination with the bivalent HPV vac-
cine HPV16 and 18 IgG and IgA antibodies were detectable in
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CVS and these antibody concentrations correlate well with serum
antibody levels. Antibody levels in CVS were lower as compared
with serum and levels remained constant up to two years post-
vaccination. The correlation between Tt and Dt IgG antibodies
in serum and CVS suggests that vaccine induced antibodies in
the systemic circulation might transudate and/or exudate to the
cervical mucosa although other immune mechanisms cannot be
excluded. These important immune mechanisms probably con-
tribute to sufficient antibody levels at sites where HPV infections
actually take place and therefore can provide protection against
HPV infection and/or re-infections.

Materials and Methods

Study design. A random sample of 9,500 gitls aged 1416 y eli-
gible for the national catch-up HPV vaccinations was invited into
the HAVANA (HPV Among Vaccinated And Non-vaccinated
Adolescents) study of which 1151 (12%) girls participated in
the study.?® Each girl was asked to fill in a questionnaire, to pro-
vide a blood sample and optionally a CVS by using a tampon.
Both CVS and blood samples were available from 737 girls pre-
vaccination (MO0, 2009), from 451 girls one year after the first
vaccination (M12, 2010), and from 459 girls two years after the
first vaccination (M24, 2011). A signed informed consent was
obtained from all participants and their parents. The study was
approved by the medical ethics review committee of the Free
University Amsterdam (approval number: 2009/22).

Collection of cervical secretion and serum samples. Cervical
secretion was collected using a tampon (mini-pro comfort, OB,
Johnson and Johnson Consumer). Girls were asked to use a
tampon for 2 h when they were not menstruating. CVS were
collected from the tampons by addition of 0.5 ml of PBS contain-
ing complete protease inhibitor cocktail (1 tablet/50 ml, Roche
Diagnostics catalog No. 11836145001) and subsequent centrifu-
gation for 30 min, 3,200 g at 4°C. To assess for the presence
of blood, CVS were evaluated using the Hemastix® (Siemens
Healthcare Diagnostics Inc., catalog No. 2597428) reagent strip
test according to manufactures instructions. CVS were catego-
rized into the following categories: no trace, 20, 25, 80, 200 and
> 200 erythrocytes/pl.

VLP-based multiplex immunoassay. CVS and serum sam-
ples were stored at -80°C until analysis. For the measurement
of HPV-specific IgG and IgA antibodies against HPV L1 virus-
like-particles (VLP) 16, 18, 31, 33, 45, 52 and 58, a VLP-based
multiplex immunoassay (MIA) was used as earlier described."
GSK (GlaxoSmithKline Biologicals S.A., Rixensart, Belgium)
kindly supplied the HPV-VLPs. Briefly, VLPs were coupled to
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fluorescent microspheres. Sera and CVS were incubated with
the microspheres in a 1/50 and 1/100 dilution (pre-vaccination)
and in a 1/50 up to 10,000 dilution (post-vaccination). HPV-
specific IgG and IgA antibodies were detected using a 1/200
dilution of R-phycoerythrin conjugated goat anti-human IgG
or IgA (Jackson ImmunoResearch laboratories Inc., catalog
No. 109-116—-098) in PBS. Four in-house control sera and an
in-house standard were used on each plate. The in-house stan-
dard (IVIG, lot LE12H227AF, Baxter catalog No. 1500912) was
calibrated against reference serum of GSK for all the seven HPV
types. HPV specific antibodies were analyzed using the Bioplex
system 200 with Bioplex software (Bio-Rad Laboratories). Sera
were assumed to be IgG seropositive at the following cut-offs
determined previously with this assay: 9, 13, 27, 11, 19, 14 and 31
Luminex Units/ml (LU/ml) for HPV16, 18, 31, 33, 45, 52 and
58, respectively.

As no cut-off values for CVS are known, we used the serum
cut-off values as an arbitrary cut-off for IgG seropositivity in
CVS. IgA antibody concentrations were expressed in arbitrary
RIVM U/ml using the in-house standard as reference serum. No
international HPV-specific IgA reference serum is available and
cut-off values for IgA seropositivity could not be determined. To
test for possible inter-immunoglobulin isotype competition, a
panel of serum samples (n = 40) were depleted of IgG by adding
GullSORB (10:1 vol/vol) (Meridian Bioscience Inc., catalog No.
XX715). We did not observe any interference of IgG in the IgA
measurement.

IgG antibodies against tetanus and diphtheria toxoid in serum
and CVS were measured using a multiplex immunoassay as
described previously.*»* In order to account for the variation of
the IgG levels in CVS during the menstrual cycle, total IgG was
measured in a subset of CVS and serum samples (n = 35).

Statistical methods. All analyses were performed in GraphPad
Prism version 5. For the analyses, results were included from girls
who had been vaccinated three times with the bivalent HPV vac-
cine, who delivered both a CVS and serum sample at MO, M12
and/or M24 and from whom the CVS contained a blood trace of
< 25 erythrocytes/l. Significant (p < 0.05) differences in GMCs
were calculated using a Mann-Whitney test and differences
between paired samples were calculated with the paired t-test of
log-transformed data. Correlations between antibody concen-
trations in CVS and serum were calculated using the Spearman
rank correlation coefficient (r ).
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